We examined whether conversion to dementia can be predicted by self-reported olfactory impairment and/or by an inability to identify odors. Common forms of dementia involve an impaired sense of smell, and poor olfactory performance predicts cognitive decline among the elderly. We followed a sample of 1529 participants, who were within a normal range of overall cognitive function at baseline, over a 10-year period during which 159 were classified as having a dementia disorder. Dementia conversion was predicted from demographic variables, Mini-Mental State Examination score, and olfactory assessments. Self-reported olfactory impairment emerged as an independent predictor of dementia. After adjusting for effects of other predictors, individuals who rated their olfactory sensitivity as ''worse than normal'' were more likely to convert to dementia than those who reported normal olfactory sensitivity (odds ratio [OR] 5 2.17; 95% confidence interval [CI] [1.40, 3.37]). Additionally, low scores on an odor identification test also predicted conversion to dementia (OR per 1 point increase 5 0.89; 95% CI [0.81, 0.98]), but these two effects were additive. We suggest that assessing subjective olfactory complaints might supplement other assessments when evaluating the risk of conversion to dementia. Future studies should investigate which combination of olfactory assessments is most useful in predicting dementia conversion. (JINS, 2014, 20, 209-217) 
INTRODUCTION
Olfactory functions are affected in common forms of dementia disorders, such as Alzheimer's disease and vascular dementia (Gray, Staples, Murren, Dhariwal, & Bentham, 2001; Mesholam, Moberg, Mahr, & Doty, 1998) . Early in the course of Alzheimer's disease, neurodegeneration (e.g., neuritic plaques, neurofibrillary tangles, or Lewy bodies) occurs in olfactory brain regions such as the olfactory bulb and the anterior olfactory nucleus (Davies, Brooks, & Lewis, 1993; Ohm & Braak, 1987) . In individuals with mild cognitive impairment, conversion to Alzheimer's disease can be predicted by a poor ability to detect odors (Bacon, Bondi, Salmon, & Murphy, 1998) or identify odors (Devanand et al., 2000) . Furthermore, olfactory deficits might precede a decrease in cognitive function among cognitively healthy individuals (Graves et al., 1999; Olofsson et al., 2009 Olofsson et al., , 2010 Swan & Camelli, 2002; Wilson, Arnold, Tang, & Benett, 2006) . Given that olfactory impairment is present in earlystage dementia, a key question is whether such impairments can be self-assessed by people who are within the normal range of cognitive function, but in a pre-clinical phase of dementia. Awareness of an olfactory impairment and knowledge of its significance could potentially influence an individual's decision to seek medical attention. However, little is known about whether self-assessments of olfactory impairments may be related to pre-clinical dementia. Although only a few studies have investigated self-assessed olfactory impairments among the elderly, they have consistently found a low correlation between self-ratings of Correspondence and reprint requests to: Jonas Olofsson, Psychology Department, Stockholm University, SE-10691 Stockholm, Sweden. E-mail: jonas.olofsson@psychology.su.se olfactory ability and performance on standardized tests of olfactory functions. Individuals with a poor ability to detect odors (Nordin, Monsch, & Murphy, 1995) and identify odors (Murphy et al., 2002; Wehling, Nordin, Espeseth, Reinvang, & Lundervold, 2011) are often unaware of their deficits. It has even been proposed that olfactory identification deficits, combined with a lack of awareness of these deficits, effectively predicts conversion to dementia in individuals with mild cognitive impairment (Devanand et al., 2000) .
Thus, prior studies indicate that subjective reports of olfactory dysfunction might not be useful to indicate olfactory loss in the early stages of dementia. However, no study has investigated the direct relationship between subjective olfactory impairment and later dementia conversion among people who otherwise display a normal level of overall cognitive functioning. It is possible that individuals with intact cognitive abilities might be able to accurately assess a decline in their own olfactory ability, even if these remain within the normal range of function. In individuals where the cause for such subjective olfactory decline is neurodegenerative, olfactory complaints might predict conversion to dementia later in life. Our approach to assess subjective olfactory impairment as a predictor of dementia is motivated by developments in the neuropsychology of memory.
Previously, associations between subjective memory complaints and objective test performance were often reported to be weak or non-existent (Jorm et al., 1994; O'Connor, Pollitt, Roth, Brook, & Reiss, 1990; O'Hara, Hinrichs, Kohout, Wallace, & Lemke, 1986; Sunderland, Watts, Baddeley, & Harris, 1986) and impaired awareness of memory deficits is common, especially in mild cognitive impairment and Alzheimer's disease (Sevush & Leve, 1993; Vogel et al., 2004) . However, longitudinal studies indicate that subjective memory complaints can predict later cognitive decline and conversion to dementia in the general elderly population (Schmand, Jonker, Geerlings, & Lindeboom, 1997; Schmand, Jonker, Hooijer, & Lindeboom, 1996; Tobiansky, Blizard, Livingston, & Mann, 1995; Waldorff, Siersma, Vogel & Waldemar, 2012) . Furthermore, subjective memory complaints have been shown to predict cognitive decline in individuals with normal baseline cognition (Geerlings, Jonker, Bouter, Adèr, & Schmand, 1999; Wang et al., 2004) . Presumably, these individuals are aware of subtle deficits in memory which are not yet severe enough to be reflected in objective tests of memory performance (Geerlings et al., 1999) .
On a biological level, subjective memory impairment has been associated with disruptions in the functional integrity of the hippocampal formation, and recent findings suggest that compensatory processes in the frontal lobes might help retain objective memory performance (Erk et al., 2011) . Taken together, these findings indicate that subjective memory complaints represent early markers of dementia in the general elderly population, despite the apparently low reliability of subjective memory assessments. This might also be true of complaints about olfactory function. The principal aim of the present study was to investigate the role of subjective olfactory impairment as a potential predictor of later conversion to dementia.
Previous studies have typically identified individuals with olfactory impairments according to a performance cutoff point on a standardized test, and results have shown that these individuals are often unaware of their impairment (Murphy et al., 2002; Wehling et al., 2011) . However, there is little consensus on how to define an olfactory impairment, and a discrepancy between olfactory test scores and the subjective experiences of olfactory deficits may be expected. In the present study, we focus instead on the question of whether individuals who classify themselves as having an olfactory impairment have a higher risk of developing dementia later in life compared to those who do not report olfactory dysfunction. We hypothesized that subjective olfactory impairments would complement odor identification test scores in predicting conversion to dementia.
The sample in this study was derived from the Betula study, a large-scale population-based cohort study, and data from over 1500 individuals were included. The sample was screened for general cognitive impairment (Mini-Mental State Examination [MMSE] , 25), but not for specific cognitive or health impairments to remain representative of the sampled population. Our main analysis addressed whether performance in an olfactory identification test and a self-rating of one's ability to perceive weak odors as ''worse than normal'' could independently predict conversion to dementia within a 10-year time-span. Follow-up analyses investigated possible effects of attrition, the correlations between subjective and objective olfactory assessments, and determinants of subjective olfactory complaints.
MATERIALS AND METHODS

Study Population
The data used in the study were derived from the third wave of data collection in the Betula project, collected in 1998-2000. Betula is a large scale, population-based longitudinal study focused on aging, memory, and health (Nilsson et al., 1997 . In Betula, extensive psychological testing and health assessments are conducted every 5 years. During the third wave of the study, an odor identification test and an assessment of subjective olfactory sensitivity were included for the first time. The study was conducted in Umeå, a city of approximately 100,000 inhabitants located in northern Sweden. The participants were selected based on the city's population registry and participation was voluntary. The Betula study has a narrow age-cohort design in which only participants aged 35, 40, 45, etc., years old were recruited from the population. The subjects' written consent was obtained in accordance with the Declaration of Helsinki (BMJ 1991; 302: 1194) , and the study was approved by the Regional Ethical Vetting Board at Umeå University (approval no. 870303, 97-173, 221/97, 97-173, 03-484, 01-008, 169/02, 02-164, 03-484, 05 -082 M, and 08-132 M).
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Cognitive Measures
The MMSE was included as a general measure of cognitive function (Folstein, Folstein, & McHugh, 1975) . The MMSE is a brief 30-point questionnaire that assesses general cognitive function and skills in arithmetic, episodic memory, orientation, and language. A test of vocabulary was also included (SRB; Dureman, Kebbon, & Ö sterberg, 1971 ) in which 30 low-frequency words are matched to one of five alternatives (synonyms). This test has a format similar to the odor identification task, and was previously used as a non-olfactory control task (Olofsson et al., 2009 ).
Olfactory Identification and Detection Sensitivity
Odor identification was assessed using a modified version of the Scandinavian Odor-Identification Test (SOIT), which is a validated and reliable test of odor identification (Nordin, Brämerson, Lidén, & Bende, 1998) . The test consists of 13 different odor stimuli which are considered to represent a wide range of qualities (such as sweet, spicy, woody, citrus, and floral) and are fairly strong in intensity (Nordin et al., 1998) . Subjects are provided with a written list of four response choices for each of the presented odors (Bende & Nordin, 1997) , from which they select the best match. The version of the SOIT in the Betula study differed from the original version in that the response alternatives were similar to the corresponding test odorant. This modification made the test relatively difficult in order to avoid ceiling effects.
In the fifth wave of data collection of the Betula study (2008) (2009) (2010) , an odor threshold test was introduced to complement the odor identification test. Odor detection thresholds were determined by presenting participants with pairs of odorous pen-like sticks (Sniffin' Sticks; Hummel, Sekinger, Wolf, Pauli, & Kobal, 1997) with decreasing concentration levels of n-butanol (in total 16 concentrations, where 1 represents the strongest concentration and 16 represents the weakest). The procedure began at an intermediate concentration level (8) . One odorous and one odorless stick were presented at each trial. Each stick was presented approximately 2 cm under the participant's nose every 15-20 s. The participant's task was to report which of the two sticks contained the odor. For those participants who were able to correctly identify the stick that contained the odor four times in a row at the intermediate level, the testing procedure continued with the lowest concentration level (16). When incorrect responses were given at this level, the concentration of the next odor sample was increased by one step without any feedback until the participants gave correct responses at the same concentration level four times in a row. For participants who were unable to discriminate the odorous stick from the blank at the intermediate concentration-level, the odor concentration was increased by one step from the intermediate concentration level until correct responses were given four times in a row. Participants' scores were based on the lowest concentration level they could detect. Thus, a score of 16 reflects high olfactory sensitivity, whereas a score of 1 reflects low sensitivity.
Subjectively Assessed Olfactory Function
Subjective olfactory status was assessed before the olfactory identification test. The participants were asked the question, ''How is your ability to perceive weak odors?'' The response alternatives were ''no ability,'' ''worse than normal,'' ''normal,'' and ''better than normal.'' The participants' response distribution indicated that most participants rated their sense of smell as either ''normal'' (72.6%) or ''worse than normal'' (19.6%), while no participant reported having ''no ability'' to perceive weak odors and only 7.8% perceived their abilities as ''better than normal.'' Because of our focus on olfactory impairment, and because the variable was not suitable for linear statistical models, self-reported olfactory status was collapsed into a dichotomous variable. The response categories ''no ability to perceive weak odors'' and ''worse than normal'' were collapsed into a category of olfactory impairment, while the response categories ''normal'' and ''better than normal'' were collapsed into a category of normal olfactory function.
Health and Dementia Assessment
The dementia diagnoses were determined based on a comprehensive review of information obtained from multiple neuropsychological and health-associated assessments, carried out at each test-wave (T1-T5). In addition, an extensive evaluation of medical records to identify symptoms indicative for progressive dementia was conducted at the same occasions throughout the study period. The dementia evaluation process followed a procedure in which participants fulfilling one or several of the following criteria were considered ''at a higher risk'' and were more extensively evaluated: (a) suspected dementia signs observed by the staff conducting the Betula health assessments and cognitive testing, (b) MMSE performance below 24, (c) a decline in the MMSE score (at least three points) from the previous testing occasion, or (d) a subjective sense of memory impairment reported by the participant. The dementia status of each participant was evaluated by an experienced research psychiatrist, specialist in geriatric and general psychiatry. The diagnosis of Alzheimer's disease was based on the DSM IV criteria (American Psychiatric Association,1994) as well as the core criteria for all-cause dementia and criteria caused by Alzheimer's disease provided by McKhann et al. (2011) . The diagnosis of vascular dementia was based on the DSM-IV criteria (American Psychiatric Association, 1994) and on the criteria for possible or probable vascular dementia established by Gorelick et al., (2011) . Depressive symptoms were assessed with the Center for Epidemiologic Studies Depression Scale (CES-D; Radloff, 1977) .
Participants' Characteristics
The participants were assessed during the third wave of data collection (1998) (1999) (2000) and followed for a 10-year time-span until the fifth test wave (2008) (2009) (2010) . During the third wave, 1,924 adult participants (age range: 50-100 years) with no current diagnosis of dementia were assessed in subjective Subjective olfactory complaints predict dementiaolfactory function, in odor identification, and in the MMSE. Of these 1924 participants, 317 participants had dropped out of the study 10 years later without having received a dementia diagnosis (16%). These participants had either died (n 5 256) or quit the study for other reasons (n 5 61; many of these participants had moved away from Umeå) and they were excluded because their dementia status was unknown. Among the remaining 1607 participants, 194 individuals had received a dementia diagnosis by the fifth test wave, while 1413 had not. In the main analysis, participants with baseline MMSE-scores lower than 25 were excluded from our analyses (n 5 78; of which later dementia conversion, n 5 35) because we were mainly interested in participants with no generalized cognitive impairment at baseline. Our final sample thus consisted of 1529 participants, of which 159 had received a dementia diagnosis by the fifth test wave and 1370 had not. Of the dementia cases, 95 (59.7%) were classified as Alzheimer's disease dementia, 53 (33.3%) as vascular dementia, 3 (1.9%) as Parkinson's disease dementia, 2 (1.3%) as dementia with Lewy Bodies, 1 (0.6%) as frontotemporal dementia, and 5 (3.1%) as unspecified dementia. The participants' characteristics are described in Table 1 .
Statistical Analyses
Logistic regression analysis was performed to investigate the independent effects of olfactory identification and self-ratings on the likelihood of converting to dementia within 10 years. Follow-up analyses were performed with multinomial regression analyses to investigate the predictive utility of subjective olfactory complaints for the two most common dementia subtypes in the sample, Alzheimer's disease dementia and vascular dementia. Follow-up analyses also investigated if vocabulary and depression would absorb variance from the olfactory assessments in the prediction of dementia and possible effects of attrition. To approach a better understanding of the nature of self-reported olfactory impairments, a follow-up logistic regression analysis was conducted to predict the likelihood of subjective olfactory complaints using demographic, cognitive, and olfactory variables. Analyses were two-tailed with an alpha level of 0.05.
RESULTS
Subjective Olfactory Complaints and Later Conversion to Dementia
The main analysis was a logistic regression, with age, gender, years of education, MMSE score, performance in olfactory identification, and subjective olfactory impairment (yes vs. no) as predictor variables, and conversion to dementia within a 10-year time-span as the criterion variable. Results revealed that after adjusting for the demographic variables and MMSE scores, olfactory identification and subjective olfactory impairment significantly and independently predicted conversion to dementia. Individuals who rated their sense of smell as ''worse than normal'' had 2.17 times the odds of receiving a dementia diagnosis within 10 years compared to those who did not report an olfactory impairment (p 5 .001), after other predictors were adjusted for. Adding subjective olfactory complaints in the last step of the regression significantly improved the variance explained by the logistic model (omnibus w 2 5 11.61; df 5 1; p 5 .001) and increased the prediction of dementia from 22% to 27%. Our analysis revealed further that an increase of 1 point in odor identification performance (range, 0-13) was associated with a decrease in the odds of converting to dementia by a multiplicative factor of 0.89 (p , .05). Low performance in the MMSE and high age were associated with increased odds of converting to dementia within a 10-year time-span (ps , .05). Years of education and gender had no independent impact on the likelihood of converting to dementia (ps . .32). Table 2 provides coefficients, odds ratios, Wald statistics, and probability values for each of the predictor variables.
Follow-up Analyses
Predicting dementia subtypes
The two most common forms of dementia found in our sample were Alzheimer's disease dementia and vascular dementia, and multinomial logistic regression analyses investigated the predictive utility of subjective olfactory complaints and odor identification for these two subtypes 
Semantic memory
Because odor identification depends to some extent on semantic memory (Hedner, Larsson, Arnold, Zucco, & Hummel, 2010; Larsson, Nilsson, Olofsson, & Nordin, 2004; Olofsson, Rogalski, Harrison, Mesulam, & Gottfried, 2013; Schab, 1991) , the logistic regression analysis was repeated to include vocabulary. The results showed that the association between the vocabulary test SRB and dementia was not significant (p 5 .30), and both odor identification and subjective olfactory impairment were unchanged as significant predictors of dementia conversion after including SRB (ps , .05).
Depression
Both olfactory dysfunction (Pause, Miranda, Göder, Aldenhoff, & Ferstl, 2001 ) and a higher risk for developing dementia (for a review, see Da Silva, Gonçalves-Pereira, Xavier, & Mukaetova-Ladinska, 2013 ) have previously been associated with depression. Furthermore, depression is linked to memory complaints in the elderly (Jorm, Christensen, Korten, Jacomb, & Henderson, 2001) . In a similar manner, depressive symptomatology might be related to subjective olfactory complaints. Thus, we addressed the possibility that the relationship between subjective olfactory impairment and dementia might be due to shared variance with depressive symptoms by including an assessment of depressive symptomatology. However, CES-D scores were not a significant predictor of dementia (p 5 .633) and the relationships between the two olfactory assessments and dementia remained significant (ps , .05).
Attrition
Attrition is a common problem in longitudinal research on cognitive aging, as participants who remain in the study tend to perform better in cognitive tasks than those dropping out (e.g., Cooney, Schaie, & Willis, 1988) . In this study, we excluded participants without a dementia diagnosis who cancelled their participation, as their dementia status became unknown. As noted above, these excluded participants were divided into two groups: ''deceased'' and ''other.'' Follow-up analyses compared these groups to a reference group of all included participants, both those who had received a dementia diagnosis and those who had not. The ''other'' group did not differ from the reference group on either odor identification (t 5 0.807; df 5 1,666; p 5 .42) or subjective olfactory function (U 5 46,454, 500; N 1 5 61; N 2 5 1607; p 5 .32). In contrast, the ''deceased'' group had significantly lower scores in olfactory identification (t 5 8.786; df 5 1,861; p , .001) and were more likely to rate their sense of smell as impaired (U 5 180,897; N 1 5 256; N 2 5 1607; p , .001) than participants in the reference group. Importantly, however, a follow-up logistic regression analysis revealed that the relationship between olfactory assessments and mortality became statistically insignificant (ps . .13) after controlling for age, gender, years of education, and cognitive ability (MMSE) at baseline. Thus, the association between olfactory impairment and attrition was fully accounted for by the fact that the ''deceased'' group was, on average, older (t 5 18.516; df 5 1,861; p , .001), less educated (t 5 9.037; df 5 1,861; p , .001), performed worse in the MMSE (t 5 8.581; df 5 1,892; p , .001), and had a higher frequency of males (U 5 185,309; N 1 5 256; N 2 5 1,607; p , .05) than those who remained in the study. Since demographic (age, gender, years of education) and cognitive (MMSE, SRB) variables were taken into account in the main analysis, effects of attrition were unlikely to influence the observed relationship between olfactory assessments and conversion to dementia.
Furthermore, it should be noted that a higher number of individuals had died without a dementia diagnosis (n 5 256) compared to those who had received a diagnosis at the end of the follow-up period (n 5 159). Thus, the lack of direct relationship between olfactory assessments and attrition could not be attributed to lower statistical power in this analysis. We conclude that attrition was unlikely to affect the main findings that objective and subjective olfactory deficits independently predicted the likelihood of dementia conversion within 10 years. CI 5 confidence interval for odds ratio (OR).
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Determinants and aspects of subjective olfactory assessment
Follow-up logistic regression analysis was conducted to predict the likelihood of reporting an olfactory impairment using demographic, cognitive, and olfactory variables. Data from participants in the fifth wave of data collection were included if the participants if they had no diagnosed dementia disorder, an MMSE score of 25 or above, and had completed subjective olfactory assessments, as well as odor identification and odor threshold assessments. This resulted in 976 participants eligible for follow-up analysis. The characteristics of these individuals are described in Table 3 . Age, sex, years of education, MMSE, odor thresholds, and odor identification were entered as predictor variables and subjective olfactory complaint was the criterion measure. Odds ratios of reporting an olfactory impairment was significantly increased by higher age (p , .05), while female sex was associated with lower likelihood of subjective olfactory complaints (p , .01). Years of education (p 5 .48) and MMSE (p 5 .22) were not significant as predictors for subjective olfactory impairment. Self-rated olfaction was independently predicted by both odor identification and odor thresholds (ps , .02), with decreasing olfactory performance associated with increased odds of reporting an olfactory impairment. Although the olfactory self-assessment questionnaire item referred specifically to the ''ability to perceive weak odors,'' odor identification emerged as a significant predictor, in addition to olfactory thresholds. Thus, when asked about their ability to detect weak odors, participants' responses reflect both sensory (detection) and cognitive (identification) olfactory abilities.
The full model significantly predicted reports of an olfactory impairment (omnibus w 2 5 50.92, .97; df 5 6; p , .001).
However, calculations of Cox & Snell R Square and Nagelkerke R Square showed that the model only accounted for between 5.1% and 7.8% of the variance in self-assessed olfactory impairment. Calculations of Cox & Snell R Square and Nagelkerke R Square revealed further that adding odor thresholds and odor identification to the model increased explained variance by only 2.0% to 2.9%, indicating relatively low distinguishing ability for olfactory tests in this sample. The results of the logistic regression analysis are summarized in Table 4 .
DISCUSSION
Subjective assessments of olfactory function were previously viewed as poor indicators of actual olfactory loss. As a consequence, subjective olfactory complaints could not reflect the olfactory impairments that are characteristic of early-stage dementia syndromes (Devanand et al., 2000; Larsson et al., 1999) . However, no previous study has investigated the predictive role of self-reported olfactory impairment on dementia conversion in cognitively healthy individuals. This study showed that rating one's sense of smell as ''worse than normal'' independently predicted dementia conversion within a 10-year time-span in adults without generalized cognitive impairment at baseline. The effect was present in both major dementia subtypes, Alzheimer's disease dementia and vascular dementia, and remained stable after controlling for demographic variables, cognitive ability, odor identification ability, and symptoms of depression. Thus, our results provide the first evidence for an independent role of subjective olfactory complaints in the early detection of dementia.
The results of this study aligns with findings that subjective memory complaints can predict later dementia conversion (e.g., Geerlings et al., 1999; Schmand et al., 1996 Schmand et al., , 1997 , despite that self-assessments of memory function often appear unreliable in cross-sectional studies (e.g., Jorm et al., 1994; O'Connor et al., 1990) . Similarly, the cross-sectional follow-up analyses conducted in this study suggest that olfactory ratings are only weakly related to the distribution of scores on olfactory tests, which is in agreement with previous research (Murphy et al., 2002; Shu et al., 2009; Wehling et al., 2011) . A possible explanation for this apparent unreliability of olfactory self-evaluations might be that individuals are often unaware of their olfactory abilities compared to those of other people. For example, when assessing one 0 s own olfactory ability, a cognitively healthy respondent may compare his or her present level of olfactory sensitivity to past levels of sensitivity rather than comparing it to other people's sensitivity.
Importantly, from the perspective of identifying the risk of future dementia conversion, this intra-individual change may actually be of higher diagnostic utility than betweenindividual comparisons, especially given the large individual differences in baseline olfactory sensitivity (Stevens, Cain, & Burke, 1988) . A low correlation between subjective and objective sensitivity may therefore not impair the utility of subjective olfactory assessments in this context. In future assessments of subjective olfactory decline, we propose that refined scales measuring self-reported olfactory function might focus on intra-individual changes in olfactory abilities (Bahar-Fuchs, Moss, Rowe, & Savage, 2011; Djordjevic, Jones-Gotman, De Sousa, & Chertkow, 2008) rather than comparisons to other individuals. Moreover, although the question of one's ability to perceive weak odors was formulated to address detection sensitivity, our results suggest that participants' responses were also influenced by cognitive olfactory abilities. It is yet unclear to what extent sensory and cognitive olfactory functions influence the subjective evaluation in different participants. Further research is needed to investigate these metacognitive aspects of olfaction in the context of dementia.
We found that performance in olfactory identification could independently predict conversion to dementia within a 10-year time-span. The result supports previous research (Graves et al., 1999; Olofsson et al., 2009 Olofsson et al., , 2010 Swan & Camelli, 2002; Wilson et al., 2006) and demonstrates the importance of olfactory assessments for the early detection of dementia. The present results suggest that subjective reports might complement olfactory tests, but further research is needed to establish the optimal combination of subjective and objective olfactory assessments to predict later conversion to dementia.
Olfactory self-evaluation might have limited utility in certain clinical settings, as individuals with cognitive impairment might not be aware of their olfactory loss. While we excluded participants with generalized cognitive impairment at baseline, it is possible that the outcome would have differed if our sample had contained more individuals with cognitive impairment but no dementia, as these individuals might have a lack of insight into olfactory deficits, coupled with an increased risk of later dementia conversion (Devanand et al., 2000) . Furthermore, our screening procedure did not involve health variables other than dementia diagnosis. While this makes the sample more similar to the general population, it also means including participants with, for example, cardiovascular problems, which might score normally on the MMSE but are nevertheless at increased risk of dementia, in particular the vascular type.
However, subjective olfactory performance could predict conversion to Alzheimer's disease as well as vascular dementia in our sample, and given that the Betula study design includes a neuropsychiatric evaluation of participants showing signs of dementia, it seems unlikely that patients with undiagnosed vascular dementia but no MMSE impairment would constitute a significant proportion of the baseline sample. In light of the present findings, we emphasize a multi-factorial approach in predicting and evaluating dementia. Information about olfactory status, irrespective of whether the information is based on self-reports or objective testing, could be viewed as a supplement to conventional dementia investigation. However, we note that the specificity obtained with the present procedure was rather low, since approximately five of six people who reported a poor ability to perceive weak odors did not convert to dementia.
There are many possible etiologies other than dementia for poor olfactory function (e.g., Nordin & Brämerson, 2008) , indicating that attempts should be made to rule out causes other than dementia in cases of poor olfactory function. In conclusion, the results of this study support earlier findings suggesting that olfactory impairment is a pre-clinical marker for dementia (Albers, Tabert, & Devanand, 2006; Morgan, Nordin, & Murphy, 1995; Olofsson et al., 2009; Ponsen et al., 2004; Schubert et al., 2008) . Most importantly, the results reveal that subjective olfactory impairment constitutes an early marker of an impending dementia. Subjective olfactory evaluations might thus become a supplementary tool in the early detection of dementia.
